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Summary

Supersonic tests wors carriod ocut on a twe dimensional symmctrical
double wedye acroficil & per ccnt thiclk with a 30 per cent oontrol flap sct at
4 dog. ond O doge s thvo soparatu modals boing uscde The first model was als
tusted with the treiling cdgoe foruncst,

Lift, dreg and pitohing mancnt woro measurcd over o raigo of iinch
numbers from 116 to 1.4.5.

The results agreo roasonably with Buscmann thecry as dotailed by
Lock® over thc range in vhich tho thoory apolics, brookdowm of tho thoory
tending to occur for sufficiently low linch mudbers end high incidcnoes.
Discrepancica botweon cbservation end theory tond te incronso a: the poind
of breakdovm of the theory is approacheds Thoy moy be tentatively nttributed
te tuwnnel interforencoe and bud voloecity distribution in the ampty tuwinol;
broskewey noar tho trailing edge moy slso oontribute.

It was concluded that the normnl elevator eontrol could be satis-
foetorarily mointained within the present spood rango but thot tho drag risc
due to cuntrol cpurction is groator than with an 2ll moving taiiplano.

Intrducti.mn

Thu objcet of the present tests wns to supply dota on the offeotiveness
of cloyntor control ot supersonic specds. In o provicus oxperiment by the
cuthor! (1944) ~ BEC 1240 scetion wos used, s it wes inmedintoly svedilablo,
but for tho proscnt tcats o morc suitoble suporsondc cerofcil was constructod.
The previous experiments had shoom Cp =nd G, t° be lineox with nd R
°nd this vwos supported by thucry. For tho present werk e models were usad,
nc o symactrical duublo swrodge 0,06c thick cnd the other of tho somo basic
acctimn with the porti-n oft of tho 0.7c¢ linc deprossed & doge (Pige1)e The
f.roc-ceufficiont slope npninst 4 was onlculntod from the difforcncc totwoon
the torces on the tiro scotiona,

The tosta wrere corriod sut n the cloetric balsnce. of the 12 ine
circuler wind tummcl. Tho wrind tunnol noszlos had arca ratics corrcesponding
40 1.3 (nonined 4422) end 1051 (nawinel 1.42) reapoctively. Othor mad verying
specds woers Sbtuined from doy to doy betwon 1,162 end 1.450« It wos hoped to

btoin confirmmtion of tho thoorctical varintion ef forec oocfficicnts with
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Hach nunber within the test range. The tests also supplicd date at speeds at
wiich no thooretical anelysis was pessible. Tho valueg of these results is
discussed lator.

Thoe model vms alse tosted with its trailing cdge inte tho wind,
giving the cffoct of a loading cdge flap.

Experimental Dutails

Tho medols wors two dimensionsl in that thoy complotoly spanned the
streome Tho cffoct of the wall Junction is discussod undor the heading of
wind tumcl interforence (Appendix IT). The oross scotion of the modols tested
is shovm in Fig.1.

The buloncs was dosigned to read the 3 components, 1ift drag and
quartcr cherd pitching moment, as maments about cach of 3 lines parcllel to
tho span of the norofeil. From these momonts (reduced te coofficicnts By,
By ) tho forcc ceofficicnts wore coleoulatods This prosuncd that tho
conditions in tho wind tunncl romained constant during the moasurcment of all
3 maments. In practice it was found impessible te maintein the velocity
conagtont for rer.;u.ngs on 211 3 axos.

The vulecity ond ilnch numbor s derived from the static prossurc
en the walls of the sworking scction nhcrd of the models Tho changs of total
hosd hos been negluoctods The tunnel speocd monsurod in this wey varied with
atnosphoric conditions, With tho lovor spocd offuscr (nomincl 4.2a) speeds
were cbteined from 4.16a to 1.2ha and from 1.372 to 1.452 with thoe higher
sgoed cffuscr (nominel 4.42).

It scems likely that this verioticn was largely duc to condensation
o moisture in the stream, the ameunt vorying sidth the "tmonphcrz.c hlmidity
c_pechanism by which condensation affocets the s
or the purpose of the pros ont paper it is sufficiont

o huat relensc in a supersonic strocm has the effect of varying
the Koch nunbc.r both gradunlly ond through copression shocks. With changing
hwaiidity these shocks very in amplitude and anglo with o consequent clteration
of the velocity and velocity distribution in the working socticns Buch o
veriction of distributicn should show up as an inecrroet indieatod Moch number
giving doparturcs from amocth curves of forcos as funeticns of Moch nurber.

at zore 7, was found to bo caparatively insonsitivo to Mach
nwibsrs 4a tho Hech nusber chenges betircan the tosts on differunt oxos wero
smell, Cp ond Cp cre given as if By had becn rond ot the amme Mach
nwiber =3 the corresponding DL or Bp. (8ce Anp\.ndix)

The wind direction wes cobtained from o compardison of tho 1ift of
the nedel tosted nomirlly and roversed end for onda

In thoe proscntaticn of the rosults, advantoge has been taken of
symetry, clloving the cbsorvations to be used tirico whenover it ococurrods

Obscervatims wors noranlly token wp te tho highust ineidencos ot
vhich the velc x:ity rancined suporsconic ot tho wrlls eppesitc the centro of
the nedel, It is shoam later thet tho ieddd sma thon alroody subject o
interfoercnos fron tho twmel smlls,

In view of tho dup s:.,ib:l.l:.ty of calouletion of the foress, nocsurc-
rnonts ot M = 4,186 ero continuod ovun though tho strenn wos subsonic in
poexrt end the observetions subject to on wnknom interferunocec.

The/
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The Reynolds number of the tests varicd from 0,81 to 0.82 millions
ovexr the speod ronge.

Comparison with Theory

The forco coofficicnts on ~ gegneral two dimensional doublo wedgo
alovator eombinntion worc given by Loch® (1944). The bosis of tho ealeulntion
wes the Buseminn prossuro roletion betweon stroam deviantion ond pressuroc.

The forrmulnc so derivod are roproduced hers for tho particular ease tostod

C‘L 201 + 0.6? (01 i C¢1202)

Cry. ~Co5a (04 = 0s1203) = 0.36 7 (o4 = 0.120p)

Cp 204 (c? + 0,0036) + 067 (17 + 2c)(cy - 0.1803)
wharo nd ¢ orc in rodias z‘.n1d cq md cp dofincd by
o ¥R <
oy = (teatt =12 + 2)/0F - 1),

Tho follcwing forrmulac, =lsc duc to Lock, woero esleculnted by the scmo mothod?
for the leading odge flep.

Cp, = 200+ 0.67 (04 + 0.1203)

m
c: = 20 (a2 + 0,0036) + Ce6ip (M + 2a)(eq + 0.18ep)

4

~Ce5a (04 = 0a1205) + 0,064 (o4 + 0.12c2)

X vma rockoncd positive dovmrards for tho nomal clevator, cnd positivoe
upwerds for tho loading cdge olovator. In oooh oaso positivo 77 onglos
produce positive 1ifts Whorevor eppliccblo thowoe thoorctieal valuos are

shown o dottod curves with tho full lincs cf the cbasorved vnlucese Tho limits
tu thy thoory imposcd by sonic spocd being cttained in the prossure ficld of
the rorcfoil crc alsc shown in mest figurcs. This linmit to eithor liach numbor
cxr ineidence has buen ealled tho exritical linch number or exritical ineidenco

in eonfgemity “rith subsonic aocrodymamic practico, They were doerived from
Juyurtad (1908) tcbles of Moch number ond stroam dovintion for isentropie
cxponsion of dry sixe If 2 suporaonie stroom of Mach nunbor M4 is eonaiderod
to have boon cxpanded iscntropleally through sn englo 6 , frem the atate
=1, & =0, on isontroplec compressive dovietion of 3 would deercese

the loeal Moech number sgain to unity, Below M = 1,6, G =15 deg. campressions
o bo rogerded rs iscntreopie. Honec for a givon Moch mumbor, Moyoers?! tobles
cen be usod to indicate tho eamprussive deviation corrcsponding to scnic spoed
behind the rosulting shock, vithin tho above limits the eritical lMoch number

iz sufficicntly norxly o funection of tho moscimen inelinntion of the surfncos
(towards the wind) cnly.

Tho probebility of spamrrise vorintion of velocity made thesc limits
at bust cpproximate. Thoey provided however an indieation of the onsct of
critiocl cunditions. In samo ocscs tho theorsticcl curves have beon extras
poleted prat the sonde limits as they wore still in rensoneblo agrecment with
axperimont.

R-.sult;‘-/
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(1) Zhe Swmetrioal Aerofoil, (Zero 7 )

. Lift.~ Figure 3 shows all tho experimental results in the form of
8 Oy carpet for 1 = O. The 1lift incidence slopes are shom in Figure ).
43 the oritical ifach nusber is approached tho slope noar zoro inoidence tends
to oxccod the thoorotical value (Fig.4). Tho curve M =4.2h, 7 = of
Fige3 shows an incruasc of slope bayond tho thoorotical value at inoidanccs
outsido tho renge *4 deg. (i.o. beyond the oritical incidenos). It must bo
strossud that thoe oritical lincs shown arc not the sharp domarimtion that the
dottcd lincs would suggust duo to thc probability of varying valocity distribution
cross thoe span.

{3 Cr
The foct that tho slopes { ===, Fig.4| for the flappod and unflappod

aorofeil sgreo with vach othor as predieted by theory although noithor has the
truc thocrotical valuo, suggosts o lock of hanegencity in the stroom. PFurther
svidunee in favour of tho thoory was given by tho bottor cgroamont of tho
cbocrved cnd thoorctical 1ifts os the tummel spoed approachod its designed
velus, irplying procteor frocdom fram shocks and hencoe a bottor veloocity
distribution in the working scotion. (Figelh H = 1.38 and 4.45).

The dotbod parts of the ourve M = 1.16 (Fig.3) rofor to tests made
with the voloeity subsonio at the wall opposite tho contre of thoe model on the
campressicn side. Thuy indieate that no viclent change is to be cxpeoted as
the eriticnl inecidoneo is passeds Owing to the constraint of the wind twnel
wells the actucl value of the mecsurud 1ift should be vicwed with cnution.

Pitching iioment.~ The quarter chord pitching unt is proscntod
in n similer scgmor to the 1ift, in Pigures 5 cnd 6. As in the crse f 1ift

the dottod portiom of curves = 1,15 ond M = 1.16 denctue svbacnic speed

at the wall of tuancl. Their usontinmued lincarity with throush orit,
is intorcsting. It suggoests that interforonoc is eithor emall cor fairly fully
dev ol op »d below: erite (S.‘O A“l ndix I)o

Tho senttor of Figuro 6 was not wnoxpuotod rnd oon be attributod
o verying volocity distributicn (d.c. on orror in indicatcd linch musbor).
Evon a2llowing for such uncertainty thoe oxporimental points arc 2ll loss nogative
then the thoorctiecnl.

Again the incidenco slope of the two flappod acrofoils agreed
reagsonably well with the unflepped cne, end this rusult is in accordanco with
theory.

Drog.~ Figpure 7 contains the vhole of the oxporimentcl reculta of
Ir 1 the wmflopped coerofoil. Figurc 9 gives two spocimon curves with tho
aetus bsorvetiong, to dencnstrote tho dogrue of soattor of the obsorvations
1d the receurcey of the rosults. The eorresponding thecreticnl curvos nxo
includod for caparison. In Figure 7 advantoge wes tokon of spmetry, allowing

sach cbservaticn to be wsod twics. Volucs ot positive incidunco 'mly have been
plotted for olrrity.

Figurcs 9 and 41 together indicate that at the Reynolds nuiber <f the
resent tests (0,81 x 10°) & skin friction dray coofficiont ~f 0.00k is rpplicebles
Horo in streocn irrocsuleritios ;ru\'unt ny definite stater il.t) - ineluled in
this value in nny forcs duc to buoymncy. In sn oxtramo onso thiz could 3 b
to =000k cn Op» giving SDf = 0,008 (Germon workers have quoted C.006).

.
3,
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The coservations of curves 7 and 9 have becen replotted against 0
at constent M in Fisure 12. Their lincerity is in confixrmation of theory.
Their slopos, as a measure of wave drog exe shovn as o funotion of M in
Figurc 13. Teo much woight should net be given to the peint M = 1.19 in view
of the very Tew points (Figurcs 7 and 12) dotermining the slope. Tho indication
raiains however thot the wove drag rose te tho oritiecl lach numbor end then
fell again, Thers is e suspicion of 2 change of slope whoerc the curve I = 1.2,
of Figurc 12 crosscs the sonic lino but this is insuffioient evidenocs fram which
to draw cny infoercnes. It wos unfortunato that this curve wes the only ono te
include the oritical angle in the incidoneco range.

Voluss of Cp ore plotted egeinst Op (for M = 1.38) in Figurc 18
for compariscen with curves of tho flapped ncrofcil and arv discussoed lator.

The probeble c¢ffoct on drig of tunnol vwall intorferonco is discussed
in Appendix IT.

(2) Rosulta on Contrel Charactoristics

Lift (Komnl Elevator)e Tho rosults of Figure 3 have been combined
\‘"’ CL'
in Figure 4. The vealue of (-—.;T,/-) was obtaincd from tho difforcence of Cy,
<
(¢4
at Y =4 dog. end 7 = 0 dog. The agroemont with thoory is roasonable
cxoopt fer the sharp risc necr the oritioal Meeh number. Some of this rise,
ot least, con bo attributed to intorfoercnco from tho tumol walls. The foct
thot the experimentsl peints ore below tho thocrotiosl (M = 1.38 end 41.45)
suggeast o boundery layor separation on the top surfaco of tho flap due te tho
troiling odge snock. (of. Ferrit 1939).

Pitching Momcnt. = Tho oxporimentsl momont results support this
suggeaticn, TFiguro 15)s Wind tumol intorforonoo would have the offoct of
inorsnsing tho nose dowm pitching moment of tho socticns, Tho point at M = 1.25
is thorefeore much loas nogetive than cxpected, which is in oonformity with the
idce of o soporation on the upper surfroe cnd possibly in the ro-entrent ongle
of the hinge.

Drage= No simplo proeontation of tho offect of a, ? end M on
dre.g wns possible owing $o the moro ocomplicatod nature of thoir relation.
Figurcs 8 cnd 10 shcw tho drag ot R =L dog in the same woy o8 Figurcs 7 and
9 @id for % = 0. Each ogroed with theory to the samo order of cocuracy.

Rosults ot & Meoh numbor of 1,38 for the threo onscs % = 0deg® =4 doge
end g = L doge (1oading cdge clovetor) zre plotted against 1ift cooffiocdent in
Pigurc 18 (curves E, F, and G) ond compared with tho corresponding thooretioal
volucs (B; C, ond D)3 tho agrooment aftor cllowsmnce hes boen mede for skin
friction is again recsonably gocde On tho some figuro are plotted (curves A ond
H) theorstical voluss of Cp for a =0 ondvarying % for the nomel ond
leadineg odge clevatin rospoctively. Thoy show thot tho drag inorcasod cs o
rosult of clevator owerction is considerably groater than for an 2ll moving
tcilplane.

Hingo Mment. - It was possible 5 enleulate the hinge momont at
= 0 of %he flop from the varistionsof the pitehing momont vith . Assuming
thet 211 chanses of 1ift ~nd mament on tho norofoll duc to a novenant 7% of
tho flop occurrod o3 ~ change in nomacl foree on the flop olone, tho hinge
ncmont is given by the pitching nunent of tho sorofoll about the hinge line of
the flop. Giving

Gy = Cn+ 045 Cp
This/
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This implicd that tnero was no boundary layor and that $he flow everywhere
follwwed the orofile the soction. In view of tho re¢peatod indication of
boundary layer ci'feots this vas somowhat dubious.

The experimental valuos of hinge momant on tho nommal olevator were
less than thoso proedicted by theory. (Figurc 416). This was in conformity with

20y

L=,

the uxpcetod offcets of a boundary layor. Tho change in sig of —;;?—) at
&

low Moch nurbers should not be regardod as a sign of an unstable stick force

but mercly that the normal rometicn had loft tho flap, demonstrating tho

unrcliability of the method.

The Leading Bdze Elevator.= Rosults aro avedloblo only at I = 1.38
as thao supersonic rcegimo could not bo ostablished with the lower speed offuscr
nozzle in placc. (This mey have buen duo to the rolatively highor drog).

In both tho oaso of Cp (Figure L) end of O (Figurc 6) tho londing

30y
cdgo clevator is in very fair agroement swith thoory. Tho 1if't slcpo {-;_-1;-:
o
is roughly double that for tho trailing cdge flop, (Pigurc 14) but tho mement
changos (Figurs 15) arc considersbly smeller than with o conventional eontrol.

The hinge mcment calculetod in o similar manner o the provicus ensc

CT{ = O+ 0.05 Crpe
Rozsoncblo agroement with thecry wms obtained (Figuro 16). The curves
indicate that the leading edge clovator is loss influenced by the boundary

layer meking tho predietion of full scalo control moru certain. Distortion

of a wing or tailplane duu to thc forocs on the flap connot give control roversal
with a lcading odgo flop, Thesc adventogos are offsot by tho fact that wnder
all eircumstoncos tho leading odge flep givos risc to an wistable stick forec.
The drag for o givon 1ift is higher than in tho czso of o conventional control.
(Piguros 18).

SBonclusions

At lach nuibers about 4.4 tho oxperimentel cvidoncu supports Buscmamn
thoory roeasoncbly woll. At lowor linch nuabors deviction from tho thocroticsl
voluos wns cbtainod. This could bo attributcd ohicfly to interference from
the walls of the wind tumol znd to bad veloeity distribution in the erply tunncl.

Tho impossibility of using optical means of investigation mrde tho
interpratation of tho mojerity of the phenome o matter of ccng.ogtgru. Tho
cuthers oxporicnco in othor wind tumels and the work of Forri* ™ < in Italy
indicated that the boundary laycr in tho prosence of shocks could suwply o
quelitotively satisfactory oxplanction for some of tho diserepancics.

The brocd indications oro that both locding ond trailing odge flops
preducs ronsonsblo eumtreol foress, but that tho leading cdge flap is unstcblo.

The voricble ineidenos tnilplone cpponrs tho most sultable mothod
of emtrol fraa tho nerodwmmnic point of view, ns its drag is lowur for o given
control force, ond it is less sonsitive to bowndery layer cffocts, mcking the
prodicticn of full scrlc forecs more oortaine A third reason, outside the
scopo of tho prusant work, is thot owntrol is 1likoly to bo better with a moving
todlplono ot trenascnio spoeds.

I/




In the interprotation and application te full scale, of the results

ccnsiderable cauticn is advised.
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Avoondix T

The Computation of Forec Coufficients from By, Bps By

By, tad By vore sensibly linoar with o threugh o = 0 although
depoertures siere obtoinod ot the lower Mach nuabera. In corder to cbtain some
insight into the corrwction nocossary to B 1o cbiain the goofficicnts ,OL
and G Figure 2 ves plotted (% =By, =By Op=Bp-%fB, Cp=%By
plus small correcticis in each oas If tho tunnel spocd or di.,tri'bution
altored betweon tho reading of the o moronts By, and By, the formulac no
longer epply-

) dBy, dBry
In Figure¢ 2, ==-- and ~—-- onaro plottod against Maoh numbor for the
dn do
cass ¢ =C and the thoorvtical curves aro included for corparison. Duscrmnn
thoory gove

B e (04 + 0,42 0p)
# 57.3 ;

== (04 = 0.12 05)
o 5

( ¢ moasurod in degrecs).

A nmmber of significant points sre frvwdiatoly cpparent. The look
C
al
of snoothmeas of < —--= when plottod aopinat M wms not unuxpootcd. The
By do
snoothnoss of ——= was sonevhot perplexing sinco By, was tho ronont of tho
&.
rosultent foree about the 0 75¢ 1line and B, tho momont nbout tho 0,25¢ 1lins,
A posaiblo cxplrnation wrs given by the grocter scnsitivity of Ex tc chonges
a.'l: tho tro .11:l.n. cdgos Bom'ld.".ry loyor voriotions duo to crctronoous shocks ndght
bo oxpected to bu worse ot the troiling udgo where the bamdnry layer wan thickors
Anothor asconing poradox wos the cgrocrent betwoun the theorotionl and erpoeriinial
aB GL]
o
clucs of -—E at M = 1,37 and the poor ageucnont of --':-. This e~dd bo
da, da
oxplainod by c-nsidering both tho enlculnted 1ift fores cnd ecdoulatod suntro
f proasure to bo difforent fron tho obsoerved values by cmownts vhich capgensatod
in tho product for Br but not for B, Aesuning such differencas and substituting

L Sl
the velues of wwe= ond === fron Flguro 2 two simmultanoous cquaticng woere
M A,
btained fron which wore coleulated the nunericsd dfforuncos betivean tho observed
cnd theoroticsl gyastais. They showvod the nensurod 1ift slope te bo 0.01 per
legroo low snd the ountre of prossure CeCh ohords furthor forvard rolative to
tho Buscaamn valuc,

In vicw of the seattor of B, agoinst :.i ne eorrectionves wnilortalcn
for chenga of M botween ru dings cn the 3 rxos. end Op have boen ziven
rs if Bj; h2d beca renl ot the sane lMooh muiber as {:h.. ocrresponding 3y or e




Anendix IT

Vind Tumnel Interference

There are a number of ways in vhich a supposcdly two dimensional
supersonio stream can differ i'ran free air conditions. A

In o camploutely suporscnic stremm whore striometrio cbscrvations are
possible thu soncs of interference are oloarly visible and in two dimensions
the inturforones prossurcs can bo calculatcde This is not suffioient howover
as the intcrforcnos ocan cithor augmoent or suppross the boundary layor scparation
from the trailing odgo, at loast at tho Reymolds numbor of tho presont tostt,

In the N.P,Le circular supersanio tunncl the #ach number at which
intorferancs coununces (c.ge roflcoted waves touch the trailing odge) varios
with tho spamviso position. Tho rcfleected shock toe, has a groator smplitude
&t tho cuntro of the model. Tho riodel of the present oxperiment ves subjoot
to such inturfoercnce ot 21l spocds below I = 1,25 at o = Cdeg and corrospondingly
higher spc.ds ot the higher ineidenccs. The arrangement of the tunncl precluded
eny attuspt ot onloulation, oven ignoring boundary leyer cffoets, but a qualitative
catimntc enn be wndo. Rofluctod vave interference would be expooted to give a
spurious inercese of 1lift accommanics by a movement af't of tre oentro of prossure
(o nosc dovm pitching mancnt). At smell ineidcncos the offoct an drag should be
emoll with the 3 por cend double wedge corofoil, but runching a moximun as tho
rofleoted wave possos the mid-chord line. When the ineidonce is sufficicntly
high to inslinc tho renr froo of the pressure side of the acrefoil te the stroom,
the interferunco cets in tho sense of 2 positive drag.

The deorcese of 1if't over tho part of the span washod by the tunnel
boundexr loyer 1o of ancll importonce as thoe boundary loyer is thin nnd thoe
downrosh grodicnt is limitod to tho Mach corcs fran tho interscctiom of the
rerofeil ~nd the boundary layor,

An cxSroncous wave syston vould be introduced should the twumol wall
boundery layor saperatc due to tho noso vmvoe of the model. . This vrould ho tho
weve systum of o swopt back wodge in o plone perpendicular te the spon of the
modul. Whilat tac bow wave is at the Mrch snglo the separation wodge would bo
awopt pack at the somo onglo having 2 consequently negliglble wave systan, but
28 the crplitude of tho bow wave inoresses so would the arplitude of tho intor-
fercenoc systun ond its area of influence.

In thu present tosts thors wes also nn inceoleoulablo offect frem tho
holes in ths twmdl -well through which the norefoil pesscd.

Thoru vas also a randon orror dus to tho chonging irregularitics of
tho stroam. . Typiesll oxwplos have boen quoted in cn aerlior report (Holder
nd Burrcws® 1945, Such irrepulorities cause orrors in tho indicated Hoch
nwiber cnd the sparrdsc foroe distribution with o furthor possibility of foreo
nodificatiin due s loenl scparaticns eauscd by oxtranscus shocks. An attampt
wns nado by the author (wpublished 1944) to nonsurc the totsl cffect of the
Juncticn of nodel and well ot N = dele  Threo nodel wings worc used coch of
different span. Tao frec ond was oubt off at such on sngle 23 olinminnto
induccd tip cffucis and the cthur ond supported in the balanco, the wing pasaing
through the wall in the nomiel sarncr. Prem tho forocs on tho 3 wings of
different span it shouid have boon possiblo to onlouinte tho wand cffcets.
Unfortunntely she roadut gerers introduced by strocn iresgularitices naskoed tho
interferonce wnder investigation. Although $hosc orrors wore large the results
suggestcd thot the indurforencs ot that spocd vos arnll. This is of oourso,
net noocossarily zo ot tho lower Mach muibers.

They/
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The t:0t inturferonce ¢ffects would gar to be an inerense of 1ift
1d o noveacnt wf't of the cuatre of pressure fs the eritieal lnch muiher is
pproacheds The droag offuct 1s more difficult to prodiet but ot low incidencos

n thu 6 per cunt double wedgo on incronsc in drag night be cxpocted renching

L anxdan ne the rofloeted wavos move up to the half chord line. At higher
:,.rwi'l..ncus decrocso in dreg is possible but on the whole the drag errcrs should
¢ snell.

Strern irrcauloritics giving riso to buoyancy forees hovo been discussod
cerlier in tho toxt.
Appendix TIT

A Campariscn of Threc Fomis of Control

Ths noving t~ilplane
The troiling odge hinged flap
The lending cdgo hinged flop.

»

In tho followineg airple onnlysis capariscn s inde on o bosls of
the drag of the toilplsone unit, to produce o given 1ift. In cach casc tho basic
toilplane suetin has. beon taken %o be o symotrical double vedee of somi-nngle B

Busawnn's epproxination gzives

1. All noving trilplane (7 = 1 varying)

cﬂ
2 L

CD % 2 94 P & m===
1 231

Trailing odgs elevator flep (flep chord E) (o = 0, % vorying)

CLZ

Looding odge clovator flop

2
2 CL ¢4+ 3fey

20y 24 = Aol Z

pes ) (01 + 2085)

In coch casc o sitin f'rietim diwyg edwfiicient should bo addod Tut
the cxporinent suggests that it is snffleciontly constant in tho throe ocses
o5 be necleetud in the cxparison.

The condition thet Op, is greator thon 0141 ot a gslven Gy now

boc .ncs
1
& = mmmmmm e ” .
04 b0l (c1 -2 c2)

(Alimys with the proviso thet B, and Cp (&8 o funeiim of 7 ) lic vithin
the 1inits irmosed by sonie veloeisy beins roachod). :
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3 coaplete soluticn of ¢ sinuitanecus inegualiticc could be
hicsl mewns. In viuw of the labour involved it was thought preferablc

nade by grea;

in this cas¢ te uvaluate thoe conditions for the ccetiastested (B = 0.3), Ziving

[e}
"1- -~ _5012 .
|7°2

Within the theorotical limits thie is alimys trucs Thorefore such a moving
tailplance 1s supcrior from the consideratiorsof drag, at all Mach numbers to
which the thoory spplics.

In Pigure ‘H(b) the cxpoerinontsl curves nro compared with the theoretical
curves of Cps» Cp 2t M =1.38. There ore shom clsc the theerotisal curves
for a tailplane cluvotor combination et o = @, (with n verying) for both
a looding and trailing cdze flop. (Pigurc 48(n)). The supericrity of the moving

ailpline is dumonstrated (of ocumves B, A end H)a Curves C and E oan
tlse bo rogorded as o particulsr onse of o~ comberoed tailplonc.
30y,
An interesting point to noto, is that altheugh ( -3--;-(- is less for
a
the trailing odge olevator then the londing cdge, the tralling cdge olavator
cun preduce @ higher €. within the sonic limits.e This is duo to the fact that
the uxpansicn round themid-chord angle raiscs the volocity over the rear hulf
of the ncrofoil allowing o bigger meximum eomprossive devintion (actunlly 2B
lerpgor).  The sketohes of Fimurs 17 derenstrotce this. In coch section of the
pressure ficld, € givos the cquivalont cngulor oxponsion from wnit Moch
number ond henes the moximum pormissible comprossive deviation in that scetion.

A proctienl compardson must toko into cecount the movomont of the
cuntru of prossurc with 1ift nnd the chengs in the moment of the drng nbout
tho centru of grovity of the machine. This could be dono for o gonorel wing-
t:ilplone combinction, but tho cbsoncs of n body, tho wipredictable perforannce
of rn $2ilplons vlovator of finite apon, and the wncertainty of serle cffects
meko such o enloulation so far from the practicsl osse thot 1t can bo of littlo
intcrcst.

The deeiding factor must remein thoe effectiveness of contrel at thoso
Moch nunbers neor M = 4 whore no theory opplics.
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The Aerofoil Sectiors.
(rot co scwle).
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Variption of the Balsnce CoeFficients withh Mach Number
(n=0) & n degrees.
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Figs. 17,182 & 18b.
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